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1. INTRODUCTION

This report provides a description of the evaluations and relevant information that were used by Woodard
& Curran as the basis for a proposed revised design flow for the Warren Wastewater Treatment Facility
(WWTF). The preparation of this report is important for satisfying a requirement of the Consent
Agreement (RIA-410) with the DEM. This Report also incorporates the comments and input provided by
the Rhode Island Department of Environmental Management (DEM) on a draft version of the Report,
which was submitted to DEM on December 22, 2011. The following further describes the purpose of the
report and provides background on the Consent Agreement and associated work.

1.1 PURPOSE

The Town of Warren received a new Rhode Island Pollution Discharge Elimination System (RIPDES)
RIPDES permit dated September 30, 2010. The new RIPDES permit includes flow and total nitrogen
limits which cannot be met by the Warren Wastewater Treatment Facility (WWTF). As a result, the Town
has entered into a Consent Agreement (refer to Appendix A) with DEM that establishes the terms and
schedule for the Town to come into compliance. The first step of the Consent Agreement is for the Town
to prepare this report supporting a revised flow limit at the WWTF. Subsequent steps, following DEMs
approval of this report, are as follows:

 DEM will modify the current RIPDES permit to address the proposed revised flow from this
report.

 The Town will prepare a Wastewater Facilities Plan Amendment that evaluates alternatives and
recommends a solution (likely upgrades at the WWTF), to attain compliance with the final
(modified) RIPDES permit limits.

 The Town will design, permit, construct and implement, as required, the recommended solution
to attain compliance with the final RIPDES permit limits.

In addition to evaluations for a revised design flow, this report describes the Town’s efforts and results for
infiltration and inflow (I/I) removal that were required by a previous Consent Agreement (RIA-335)
between DEM and the Town.

In describing the evaluations this report is organized as follows:

 Section 1 – Introduction: describes the purpose and provides background on the previous I/I
removal work including the information required by paragraphs 10.A. (i) through (v) of the
current Consent Agreement (RIA-410) and the requirement for nitrogen removal.

 Section 2 – Proposed Revised Design Flow: summarizes the proposed revised design flow
for the modification to the current RIPDES Permit. The proposed revised design flow is
based on Woodard & Curran’s analysis and DEM’s input and comments.

 Section 3 - Flow Data Analysis: describes Woodard & Curran’s analysis of the Warren
WWTF flow data for recommending the proposed revised design flow and for assessing the
results of the I/I removal work. Assessment of the I/I removal work was required per
paragraph 10.A.(vi) of the Consent Agreement.

 Section 4 – Projected Future Flow: discusses Woodard & Curran’s future sewering needs
evaluation for projecting the future wastewater flow increase for the 20-year planning period
as required by paragraph 10.A.(vii) of the Consent Agreement. In addition, as required in
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paragraph 10.A. (viii), the section summarizes the Town’s progress in developing a
wastewater management district for the areas of Town outside the existing sewered area.

1.2 BACKGROUND

This section provides the background on the Warren collection and treatment system and Consent
Agreement RIA 410. The need for the Town to enter into a Consent Agreement with DEM was due to the
issuance of a new RIPDES permit with limits for flow and total nitrogen as follows:

 Flow: The original design and permitted flow for the WWTF was for a monthly average flow
of 2.01 million gallons per day (MGD). As with most communities in the northeast, the
Warren sewer collection system is subject to infiltration and inflow (I/I), particularly during
wet weather. As a result, historically, the monthly average flow limit is exceeded for several
months of the year during wet weather. Although the flow limit is exceeded, no other
RIPDES discharge limits are violated. Over the past 15-years, the Town of Warren has
undertaken significant efforts to identify and remove I/I.

 Total Nitrogen: The Warren WWTF discharges treated effluent to the Warren River at a
location approximately one half mile upstream of the confluence of the Barrington and
Palmer Rivers. The State of Rhode Island has identified the Palmer River as being impaired
by nutrients (nitrogen). As a result, the new RIPDES permit issued for the Warren WWTF
includes a monthly total nitrogen limit.

The following further describes the background on the Town’s previous efforts to remove I/I, the follow-
up inflow work performed in 2010, and the new requirements for the WWTF to remove nitrogen.

1.2.1 Previous Infiltration and Inflow Work

The Warren wastewater system consists of approximately 40 miles of sewers, 10 pump stations and a
wastewater treatment facility (WWTF). Over the past 15 years, the Town has undertaken multiple I/I
studies and removal efforts as follows:

 Phase I Sewer System Evaluation Survey (SSES): The Phase I SSES was completed in July 1996
and recommended further investigation in two sub-areas, which were found to contribute 80
percent of the measured inflow. In addition, 21 inflow sources were identified through smoke
testing.

 Phase II SSES: The Phase II SSES was complete in March 1998 and included additional smoke
testing and building inspections in sub-areas 2, 3, and 4 (refer to Appendix B for a Map with
Subarea boundaries). Results of the Phase II SSES included the identification of 78 inflow
sources and 204 suspect inflow sources.

 Contract 1 Sewer Rehabilitation Project: On July 25, 2002, the Town opened bids for Contract 1,
which included the removal and replacement of approximately 6,700 linear feet of vitrified clay
gravity sewer and brick manholes in the Belchers Cove area to reduce infiltration.

 Contract 2 Sewer Rehabilitation Project: On August 6, 2003, the Town bid Contract 2, which
included trenchless rehabilitation work on approximately 7,400 linear feet of sewer and the
rehabilitation of 29 manholes to reduce infiltration.
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 Contract 3 Sewer Rehabilitation Project: On June 8, 2006, Contract 3 was bid, which included
trenchless rehabilitation work and dig and replace work for approximately 10,000 linear feet of
sewer and the rehabilitation of 60 manholes to reduce infiltration in subareas 1, 3 and 4. The
majority of the rehabilitation work took place in 2007, followed by warranty testing and repairs in
2009. Substantial completion of the project was achieved in July 2009. The work of Contract 3
was also a requirement of the 2005 Consent Agreement RIA-335, paragraph 9.(a).

 2007 Inflow Source Investigation: The 2007 investigation was performed as follow-up to the
Phase II SSES and included dye testing of roof leaders that were identified as suspect, inspection
of buildings to confirm sources had been removed, and inspection of buildings that had not been
previously inspected. The 2007 Inflow Source Investigation confirmed 48 sources (identified
during the Phase II SSES) were removed, 8 new sources were identified and 117 suspect sources
were removed from further consideration. The investigations were also performed to satisfy the
2005 Consent Agreement RIA-335, paragraph 9.(b).

 2008 Inflow Metering Report: This report evaluated flow data from collection system monitoring
in 2004 and 2008, and WWTF flow data to estimate sewer capacity and measure the effects of I/I
reduction efforts. The study found that infiltration had been reduced in subareas 1A, 3B, 3C and
3D where sewer rehabilitation (Contract 3) had taken place.

 2009 Inflow Investigation Update Report: This report provided an update on inflow work that
was performed as follow-up on the recommendations of the 2007 Inflow Source Investigation
Report, which included dye testing of suspect properties, investigation and dye testing of 9 large
roof buildings. The investigations were also performed to satisfy the 2005 Consent Agreement
RIA-335, paragraph 9.(b).

 Follow-up Inflow Work: Recommendations of the 2009 Inflow Investigation Report, and
subsequent correspondence (DEM, August 11, 2009 letter and Woodard & Curran, December 4,
2009 letter) and a meeting with DEM (February 16, 2010), resulted in the Town and DEM
agreeing that completion of the following work would satisfy the requirements of the 2005
Consent Agreement (RIA-335):

 Take action to remove the inflow from 86 buildings believed to have active inflow sources. It
is noted that the June 30, 2009 Inflow Update Report indicated 92 buildings. However, in
performing the work it was discovered that 6 of these buildings were duplicates.

 Inspect the 12 Town-owned buildings and 50 “large” buildings with roof areas greater than
10,000 square feet to confirm they are not inflow sources.

1.2.2 Follow-up Inflow Work

The following provides the results of the follow-up inflow work, described above, organized by the items
identified (bold italics font) in paragraph 10.A. of Consent Agreement RIA-410:

(i) A summary of all I/I reduction work performed by the Town including, but not limited to, the
results of its inspections of all commercial and industrial buildings with roof areas greater than
10,000 ft2.

Building inspections and dye testing were performed at the Town-owned buildings and “large” buildings
(roof areas greater than 10,000 square feet) – refer to Appendix B for a map of the building locations.
Inspection and testing of the “large” buildings was important because findings of previous inspections had
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shown that targeting the roof drainage from large buildings was a more cost effective approach than
making further attempts to gain entry to the residential buildings in Subareas 2 and 3 where previous
attempts to gain access had been unsuccessful. The results of the Town-owned and “large” building
inspections and testing are summarized in Appendix C. The results of the inspections were determined
using the following procedure:

 Woodard & Curran performed a preliminary screening inspection of the buildings. The purpose of the
preliminary screening was to eliminate buildings that did not need to be dye tested because, in some
cases, visual observation could clearly confirm there was no possibility of the roof drainage being
connected to the sewer system. During the preliminary screening, roof leader locations were
documented and photos of the roof leaders were obtained.

 During the preliminary screening, Woodard & Curran was able to visually determine that there were
30 buildings where all the roof leaders discharged to the ground surface and therefore dye testing was
not required. The remaining 32 buildings were recommended for dye testing.

 The Town’s contractor, Thielsch Engineering, Inc., conducted dye tests at the recommended buildings
by introducing dyed water into the building roof drainage. Sanitary manholes downstream of the test
area were monitored for the presence of dye, along with surface areas adjacent to the test location.
The dye testing identified 3 buildings that have active inflow sources.

 The estimated inflow for active inflow sources found through dye testing was calculated by using the
rational method which predicts the rate of peak flow, in cubic feet per second (cfs), based on the
following:

 Runoff coefficient: This was assumed to be 1.0 for impervious surfaces;

 Rainfall intensity: 0.87 inches per hour which is the peak rainfall for a six-hour, one-year
recurrence interval storm; and

 Drainage area: This was based on estimated drainage areas of the roofs contributing to the
inflow source.

(ii) The results of its inspections of all municipal buildings.

The procedure for inspection and testing of municipal building is as described above. The results of the
dye testing of municipal building are summarized in Appendix C.

(iii) An estimate of the volume of I/I removed from any confirmed sources of I/I from large roofed
buildings and municipal buildings.

The estimated volume of inflow identified from the inspection of large roofed buildings is 19,600 gallons
per day as summarized in Appendix C. There was no inflow identified for the municipal buildings.

(iv) The results of its efforts to disconnect the previously identified 92 confirmed residential inflow
sources.
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Multiple studies previously performed by the Town (including smoke testing, internal plumbing
inspections and dye testing) resulted in the identification of active inflow sources. Once the active inflow
sources were identified, the Town and/or Woodard & Curran sent notification letters to the building
owners that they had active inflow sources that needed to be removed. The notifications also required that
the property owner contact the Town once removal had taken place so that the Town could confirm the
source was removed. As reported in the 2009 Inflow Investigation Update Report, approximately 86
buildings (92 were referenced in the report, however, in performing the work it was discovered that 6 of
these buildings were duplicates) were believed to have active inflow sources because the building owners
had never responded to the Town that their inflow source had been removed. As a result, the Town took
the following action to cause inflow sources to be removed or to confirm that they had been removed
previously:

 In January 2010, the Town mailed notification letters to the owners of buildings with inflow
sources. The letter indicated that the inflow source is in violation of the Warren Sewer
Ordinance and the Town has the authority to assess a fine of up to $100 per day. In addition,
the letter informed the residents that they have a one-time, six-month amnesty from the fine
after which time the Town will begin assessing the fine.

 In June 2010, the Town mailed out a second round of notification letters repeating
information from the January letter.

 The Town responded to questions from property owners, provided information on removing
inflow sources and performed confirmation inspections that sources had been removed.

Based on the notifications and follow-up inspections, the Town was able to confirm that 74 sources had
been removed. This leaves 12 remaining inflow sources that must be assumed to be active. A summary of
the Town’s findings is provided in Appendix C. In addition, Appendix B provides a map illustrating the
locations of the inflow sources.

The Town intends to take action against the owners with active inflow sources by assessing a fine and if
the property owner continues to neglect removal, the Town will likely need to place a lien on the property
and summons the property owner to municipal court. The Town may provide relief to property owners
from this requirement in cases of significant impediments to removal of the source, provided there are no
localized impacts of inflow on flow-limited sewers. However, at the time of this report, no significant
impediments have been identified.

(v) The results of I/I removal activities at the former American Tourister Mill facility.

On or about, April 2007, the proposed developer of the Tourister Mill facility, submitted a letter to the
former Warren Sewer Commission, indicating that the inflow source had been removed.

1.2.3 Total Nitrogen Removal

This section summarizes the background on the DEMs issuance of a new limit for total nitrogen. In
addition, through the process of issuing the new permit and the Consent Agreement with DEM, there was
a significant amount of discussion and correspondence between the DEM and the Town of Warren. A
summary of this correspondence is important as the background for this Report and to describe the
Towns' understanding of how DEM will modify the current discharge permit. In summary, it is the
Towns’ understanding that once the revised flow is determined, the DEM will issue a new RIPDES



Warren, RI (Project No. 222967) 1-6 January 2013
Jan-2013 Final Report

permit with a summer nitrogen limit of 5 mg/l and a winter limit of 9.5 mg/l and that the seasonal loads
for total nitrogen (pounds per day) may also be modified to reflect the new flow limit. The following
expands on the new total nitrogen limit and the correspondence between DEM and the Town.

On September 30, 2010, the DEM issued Permit No. RI01000056 with a total nitrogen limit as follows:

 An average monthly total nitrogen load of 239.7 pounds per day (lbs/d) for the period of
November 1 to April 30 (winter season) and 83.8 lbs/d for the period of May 1 to October 31
(summer season).

 An average monthly total nitrogen concentration of 14.3 milligrams per liter (mg/l) for the period
of November 1 to April 30 and 5 mg/l for the period of May 1 to October 31.

Included with the Permit was a Fact Sheet that included Section IV., “Permit Basis and Explanation of
Effluent Limit Derivation,” which provided a summary description of the DEMs analysis in determining
the total nitrogen limits. We understand that the summary description provided in the Fact Sheet was
derived from a DEM report titled, “Evaluation of Nitrogen Targets and Load Reductions for the Palmer
River,” (Nitrogen Loading Report) dated December 2009. The Nitrogen Loading Report identified that
the Palmer River water quality is impaired by nitrogen and described the need to reduce the nitrogen load
from the Warren WWTF to an annual load of 25,937 kilograms per year, a summer load of 6,309
kilograms per year and a winter load of 19,664 kilograms per year to meet water quality standards. The
Nitrogen Loading Report also indicated that these needed nitrogen load reductions were determined using
an approach called, the “Eutrophication Index” that was developed for the Massachusetts Buzzards Bay
Project and relies on an empirical relationship between nitrogen loading and eutrophication response
(determined by observations made in a number of estuaries).

The Nitrogen Loading Report and a draft version of the RIPDES Permit were originally provided by
DEM to the Town in a letter dated January 6, 2010. Subsequently, a meeting was held between DEM and
the Town on February 16, 2010, followed by a letter to DEM from Woodard & Curran, dated February
26, 2010, expressing the Town’s concerns as follows:

 There is not a high level of certainty that the total nitrogen limits in the permit will achieve
specific water quality goals;

 The total nitrogen effluent summer limit of 5 mg/l with a load limit of 83.8 pounds per day
(lbs/day) corresponds to a 2.01 MGD average daily flow. The maximum monthly average flow
that the WWTF actually receives is approximately 3.3 MGD. Therefore, meeting the specified
total nitrogen load limit may require an effluent concentration of approximately 3 mg/l at the
maximum monthly average flow. Treating to 3 mg/l versus 5 mg/l will cause the capital cost for
WWTF upgrades (already anticipated to be significant for a 5 mg/l limit) and the operation and
maintenance costs to increase by an exponential factor.

 A summer limit of 3 mg/l is not equitable with the limits issued by DEM for other communities.

To address these concerns, Woodard & Curran and the Town proposed several alternate total nitrogen
limit scenarios in the February 26, 2010 letter. Based on a letter from DEM dated August 18, 2010, it is
the Towns' understanding that DEM had reviewed the proposed alternatives and felt that issuing a
RIPDES permit with seasonal flow limits will allow the total nitrogen limit for the summer season to be 5
mg/l and will still meet DEM's desired total nitrogen load reductions. The following subsequent
correspondence between the Town and DEM reiterated the approach that was agreed to:
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 September 27, 2010 letter from the Town to DEM providing comments during the public
comment period for the Draft RIPDES Permit.

 September 30, 2010 cover letter from DEM to the Town issuing the Final RIPDES Permit and
responding to the Town’s public comments letter.

 October 25, 2010 letter from the Town to DEM requesting a stay of the Final RIPDES Permit.

 February 3, 2011 letter from the Town to DEM providing comments on the Draft Consent
Agreement (RIA-410).

 March 30, 2011 letter from DEM to the Town responding to the Town’s February 3rd comments.
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2. PROPOSED DESIGN FLOW

This section describes the proposed revised design flow which is based on Woodard & Curran’s analysis
and the input and comments received from DEM (refer to Appendix G for the DEM comments on the
December 2011 Draft Design Flow Report). The proposed revised design flow is important as it will be
the basis for DEM revising the current RIPDES discharge permit for both the flow limit and the
corresponding total nitrogen limit. Woodard & Curran’s analysis included evaluation of the existing flow
as described in Section 3 and the projected future flow increase as described in Section 4. Table 2-1
summarizes the proposed revised design flow which includes a summer (May 1 to October 31) seasonal
monthly average and a winter (November 1 to April 30) monthly average.

Table 2-1: Proposed Revised Design Flow

Flow Parameter Summer (MGD) Winter (MGD)

Existing Maximum 30-Day Rolling Average Flow 2.40 3.30

Projected Future Flow 0.13 0.13

Proposed Revised Design Flow 2.53 3.43
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3. FLOW DATA ANALYSIS

This section describes Woodard & Curran’s analysis of wastewater flow at the Warren WWTF. Analysis
of the data is important for the proposed revised design flow and for assessing the results of the
infiltration and inflow removal work that has been performed by the Town. In addition, the design flow
will be utilized for the subsequent evaluation and design of upgrades at the WWTF to meet the new
effluent nitrogen limit.

The flow data used for the analysis was from the flow meter located at the WWTF intermediate pump
station1. The data was analyzed from two sources:

1. SCADA Data: The data from the flow meter that gets logged and stored in the WWTF
supervisory control and data acquisition (SCADA) system in 10-second increments which was
available from September 9, 2006 to October 3, 2011. For the existing flow analysis, the 10-
second increments were averaged over each day to determine the daily flow. For the I/I analysis,
the 10-second increments were taken at 15-minute intervals.

2. MOR Data: The data from the flow meter that is quantified by a flow totalizer in terms of total
gallons per day. This flow totalizer is manually read and recorded by the WWTF operations staff
each day and is the volume reported in the WWTF monthly operation reports (MORs).

The following further describes Woodard & Curran’s analysis to establish the existing flow parameters
and infiltration and inflow.

3.1 EXISTING FLOW

Woodard & Curran’s analysis of the WWTF data included the maximum monthly flow, the maximum
seasonal average flow, the annual average flow, the maximum daily flow, the peak hourly flow and the
maximum 30-day rolling average flow. Based on direction from DEM (refer to Appendix G for the DEM
comments on the December 2011 Draft Design Flow Report), only the maximum 30-day rolling average
is presented in this Report. Table 3-1 summarizes the maximum 30-day rolling average and Figure 3-1
illustrates these values in comparison to the historical 30-day rolling average from the SCADA data and
the MOR data.

Table 3-1: Summary of Existing Flow

Flow Parameter Summer (MGD) Winter (MGD)

Maximum 30-Day Rolling Average Flow 2.4 3.3

1 The WWTF intermediate pump station pumps wastewater from the primary treatment tanks to the secondary
aeration tanks. The intermediate pump station flow meter is the only instrument at the WWTF that measures the full
forward flow through the WWTF.
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3.2 INFILTRATION AND INFLOW ANALYSIS

The consent agreement with the Rhode Island DEM requires I/I analysis to assess the results of the
Town’s previous I/I reduction efforts (item 10.A.vi). Using flow and precipitation data from the WWTF,
as well as precipitation data from Providence, RI and groundwater depth data from Seekonk, MA,
Woodard & Curran has completed an I/I analysis over a five-year period from 2006 to 2011. The analysis
was performed in accordance with the Massachusetts Department of Environmental Protection
(MassDEP) I/I guidelines2. The methods and results are discussed in more detail below.

3.2.1 Infiltration Analysis

Infiltration is the effect of groundwater sources on flows in the collection system. Groundwater can enter
the sewer system through leaking joints and cracks in manholes and pipes.

Woodard & Curran’s approach to infiltration analysis was based on the wastewater flow data at the
WWTF as required in the Consent Agreement and previously discussed. However, infiltration is
dependent on groundwater conditions throughout the collection system, and the groundwater data for the
analysis was available from a single location, therefore the analysis of the WWTF gives only a general
single-point indication of the results of infiltration removal. As such, for this infiltration analysis,
Woodard & Curran also referenced the results of previous system-wide flow metering studies where flow
meters were installed in various manhole locations throughout the collection system. These studies were
performed in 2004, prior to the Contract 3 sewer rehabilitation, and in 2008, when the majority of the
Contract 3 sewer rehabilitation had been performed.

3.2.1.1 Infiltration Analysis from Wastewater Treatment Facility Data

Woodard & Curran calculated the infiltration rates for each year of the study period following the
MassDEP’s guidelines which indicate that wastewater flows during dry weather, (defined as no rainfall
within 3 to 5 days), and between 12AM and 6AM are most representative of infiltration because both
sanitary flow and rainfall-induced inflow should be at a minimum. In addition, because infiltration is
directly influenced by groundwater fluctuations (the higher the groundwater elevation, the higher the
infiltration rate); for comparison of infiltration rate by year, Woodard & Curran normalized the
infiltration rates to groundwater elevation for the study period. The results for infiltration are summarized
in Table 3-2 and as follows:

 Woodard & Curran used WWTF flow SCADA data in 15-minute increments from September 5,
2006 through October 3, 2011;

 Zero-flows (accounting for 0.3% of the data set) were excluded from the analysis because many
of these appeared to be bad data, occurring at times when there was almost certainly positive
flow;

 Rainfall data from the National Oceanic and Atmospheric Administration (NOAA) station in
nearby Providence, RI (#7023485256776) were used to determine periods of no rainfall. The
inflow analysis (discussed below) suggested that the WWTF experiences delayed inflow periods

2 The State of Rhode Island does not have I/I analysis guidelines.
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lasting several days. Because the presence of delayed inflow can distort the analysis of
infiltration, we excluded the data that were closer than 5 days to measureable rainfall.

 Groundwater depths measured at Seekonk, Massachusetts (USGS station number
414717071175901) were assumed to be representative of depths throughout Warren’s collection
system. To normalize the infiltration rate to groundwater, the depth was converted to elevation by
assuming a datum elevation of 8 feet representing the average depth of the collection system.

Table 3-2: Infiltration Results

Date Infiltration Rate (MGD) Groundwater Height
(feet)

Normalized Infiltration
Rate (MGD per foot)

19-Dec-06 1.418 2.3 0.617

20-Feb-07 1.229 2.3 0.537

23-Apr-07 2.807 2.7 1.039

29-Aug-07 0.408 1.0 0.404

27-Sep-07 0.692 0.9 0.777

23-Apr-08 1.535 2.4 0.653

27-Aug-08 0.612 1.4 0.437

25-Sep-08 0.858 1.9 0.454

24-Nov-08 1.036 2.3 0.444

28-Apr-09 2.003 2.6 0.771

25-Jan-10 1.765 2.6 0.671

22-Feb-10 1.217 2.3 0.525

26-May-10 1.153 2.2 0.536

28-Jun-10 0.913 1.9 0.483

27-Sep-10 0.857 1.1 0.816

20-Dec-10 1.070 2.3 0.457

To assess the results of infiltration removal due to sewer rehabilitation efforts, Woodard & Curran
analyzed the normalized data using a linear regression to determine the magnitude and significance of any
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trend in infiltration with time. As shown in Figure 3-2 below, the results of the regression analysis
indicate a downward trend.

Figure 3-2: Normalized Infiltration Results

It is Woodard & Curran’s conclusion that the decrease in infiltration is due to recent rehabilitation efforts
as previously described in Section 1. It is noted that the “p” value (measure of statistical significance) for
the slope of the regression is 0.5 which could be interpreted as not statistically significant. However,
Woodard & Curran’s conclusion is that this is an indication of the difficulty of discerning a trend from the
data, due to both the limited number of groundwater data points and the many sources of variability
including groundwater depth, sewer depth and sewer condition and that the data are consistent with a
decrease in infiltration.

3.2.1.2 Infiltration Analysis from Previous Flow Metering Studies

To further support Woodard & Curran’s conclusion, from the WWTF data, that sewer rehabilitation
reduced infiltration, this section provides a description of Woodard & Curran’s infiltration analysis from
previous flow metering studies. Woodard & Curran performed system-wide flow metering in 2004 and
again in 2008 utilizing ultrasonic flow meters installed in manholes throughout the collection system. The
2008 study included metering at 15 manhole locations for a 10-week period between April 2008 and June
2008. Eight of the 15 metering locations were repeat locations from the 2004 flow metering study,
selected for comparison purposes, and the other 7 locations were selected to further refine critical sub-
areas. Comparing the groundwater and flow metering data from 2004 to 2008 indicated that infiltration
had decreased in sub-areas 1A, 3B, 3C and 3D (refer to Appendix B for sub-area locations), where the
Contract 3 Sewer Rehabilitation work was performed.



Warren, RI (Project No. 222967) 3-6 January 2013
Jan-2013 Final Report

Following the same methodology as for the WWTF data evaluation, Woodard & Curran estimated
infiltration as the average peak hourly nighttime flows (between 12:00 AM and 6:00 AM). Table 3-3
summarizes the estimated infiltration rate in gallons per minute (gpm) for the locations that were
consistent over the 2004 and 2008 metering efforts. The table also indicates the percent change between
the two metering periods, and the locations where sewer rehabilitation took place.

Table 3-3: Infiltration Comparison from Previous Studies

Meter
Location

Infiltration Rate
(gpm) Percent

Change

Sewer
Rehabilitation

Areas
2004 2008

04-1 366 243 -34% 1A

04-2 210 254 +21% None
04-3 918 751 -18% 3C, 3D
04-4 228 220 -4% 3B
04-5 94 84 -11% 3C
04-6 149 176 +18% None
04-7 83 134 +61% None
04-10 179 217 +21% None

As indicated on the table a decrease in infiltration was found at all of the flow meter locations (04-1, 04-3,
04-4 and 04-5) that were measuring flow where sewer rehabilitation took place. The data also shows that
higher infiltration was consistently measured in sub-areas where rehabilitation was not done, indicating
that a difference in groundwater elevation, between the two study periods, was not the cause of the
infiltration reduction. Therefore, it is Woodard & Curran’s conclusion that the sewer rehabilitation from
Contract 3 was successful in reducing infiltration in the locations where the work took place.

3.2.2 Inflow Analysis

Inflow is a constituent of wastewater flow resulting from direct connections to the collection system
unrelated to groundwater elevation and generally related to precipitation such as area drains, leaking
manhole covers, roof downspouts and sump pumps connected directly to sewer. To analyze inflow,
Woodard & Curran identified significant storm events, calculated the inflow volume for each event, and
determined the results of inflow reduction work by normalizing the relationship of inflow volume and
precipitation to a design storm for comparison between each year of the study period.

3.2.2.1 Significant Storm Events

As with infiltration, the MassDEP guidelines for inflow analysis are specific about the data that can be
used to analyze inflow. The data should be during storm events that have a six-hour period with a rainfall
intensity of at least 0.2 inches per hour and is normalized to a one-year six-hour storm as defined by the
guidelines. These criteria are intended to isolate the flow data which include the highest percentage of
inflow relative to other sources (sanitary flow and infiltration).

Woodard & Curran identified three major storms for each year between 2007 and 2011 (total of 15
storms) for the inflow analysis. It is noted that two storms in March of 2010 were excluded because of the
extreme nature of the events which included unusually high precipitation that resulted in statewide
flooding.
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3.2.2.2 Calculation of Inflow Volume

Woodard & Curran estimated the total inflow volume utilizing hydrographs. Hydrographs are graphical
plots of wastewater flow and rainfall on the y-axis versus time on the x-axis. Woodard & Curran used a
standard industry method of estimating the volume of inflow as the area between the storm event
hydrograph and the dry weather hydrograph. Appendix D includes the storm event hydrographs for all the
significant storms used in the analysis.

3.2.2.3 Correlation of Inflow to the Design Storm

To compare the year to year results, Woodard & Curran normalized the relationship of inflow to rainfall
for each year using a design storm by plotting the total event net inflow volume in million gallons (MG)
versus the total event rainfall depth (inches). These plots are referred to as Q versus i graphs. To
normalize the results to the design storm, Woodard & Curran developed the equation of the best-fit line
(regression line) of the Q versus i plot for each year. Woodard & Curran used the MassDEP I/I Guidelines
referenced design storm, defined as a 1-year, 6-hour storm that results in a total rainfall of 1.72 inches and
a peak hour intensity of 0.87 inches of rain.

The following table summarizes the results of the inflow for the design storm for each year. Refer to
Appendix E for the Q vs. i graphs.

Table 3-4: Inflow Results for Each Year

Year DEP Design Storm Inflow
(MG per 1.72 inches of

precipitation)

2007 3.60

2008 1.40

2009 2.81

2010 1.20

2011 1.32

In addition, to identify any trend in inflow removal over time, Woodard & Curran normalize the total
inflow for each storm by dividing the inflow volume by the total precipitation from the WWTF rain gauge
data, during each event. Woodard & Curran then ran a linear regression on normalized inflow versus date.
The following figure illustrates the linear regression which indicates a downward trend in the normalized
total inflow over time. The downward trend is statistically significant (p equal to 0.014). Woodard &
Curran attributes this downward trend to the inflow identification and removal efforts the Town has
undertaken as previously described in Section 1. Comparing the 2011 results to the 2007 results
(normalized to the DEP design storm), indicates a difference in inflow of approximately 2.3 MG.
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Figure 3-3: Normalized Inflow Results
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4. PROJECTED FUTURE FLOW

This section discusses Woodard & Curran’s future sewering needs evaluation for projecting the future
wastewater flow for the 20-year planning period. This discussion includes: (1) the portion of Warren that
is within the area of existing sewer infrastructure which will impact the WWTF; and (2) the areas of
Town outside of the existing sewer infrastructure, where wastewater treatment and disposal will be
managed with a wastewater management district (WWMD). A summary of the Town’s progress in
developing the WWMD is also provided.

4.1 PROJECTIONS WITHIN THE EXISTING SEWERED AREA

This section describes the wastewater flow projections within the existing sewered area. Estimating the
future flow increase within the sewer area is important because this future flow will need to be treated at
the WWTF and therefore needs to be accounted for in the new permitted flow limit. The future flow
projections are based on the items required in Section V of the DEM Facilities Plan Review Checklist as
follows:

4.1.1 Land Use Forecast

The land use forecast is based on the Warren 2010 Draft Comprehensive Community Plan (CCP). The
CCP included a residential build-out analysis and established goals, objectives and strategies.

 Residential Build-out Analysis: The residential build-out analysis in the CCP determined that, at
full build-out, a total of 1,415 dwelling units could be developed based on 2008 zoning and
available land.

 Goals, Objectives and Strategies: Future land use will be managed to achieve the following:

 Sustain the Town’s existing urban-rural distinction by having growth and development/re-
development happen in the already built-up village, mill and waterfront areas to preserve the
agricultural/rural areas of Town.

 Preserve and acquire land for open space and to maintain historic structures and landscapes.

4.1.2 Demographic Forecast

Warren has not experienced population growth since 1990. According to the 2000 Census for the Town of
Warren, RI the population is 11,360, reflecting a decrease of 25 people since the 1990 census. The Rhode
Island Statewide Planning Program’s population projections for Warren indicate a 2030 population of
12,016.

4.1.3 Economic Forecast

The economic forecast is based on the CCP. Consistent with the land use goals described above, the
Town wants to direct economic growth to occur within existing developed areas through redevelopment.
The areas identified for economic growth organized by geographic area include the following:

 American Tourister Mill Complex Redevelopment: The American Tourister Mill is a 16-acre
mill complex located between the Palmer River and Water Street. It is the Town’s goal to have
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the mill redeveloped as a mixed-use complex consisting of commercial, light industrial, live-
work, arts, and public destination and recreation uses. The CCP identifies that, “This massive mill
complex site has the largest economic development potential for Warren.”

 Market Street: Market Street is a mix of manufacturing, commercial and residential uses. The
Town’s intent for this area is development/redevelopment with controls to maintain the aesthetics
of scenic and historic property in the area.

 Main Street: Main Street is identified as the center of the “village” area. The Town’s intent for
this area is for redevelopment/revitalization with a mixture of residential and commercial uses
and improvements to build on the existing historic and architectural features.

 Water Street: Water Street is similar to Main Street and also close in geography. The Town’s
intent for this area is also for mixed-use redevelopment with improvements to strengthen existing
features.

 Waterfront: The Town has a specific Waterfront Development Plan with the goals of increasing
water-depended and related businesses.

 Metacom Avenue: Metacom Avenue consists primarily of existing developed strip-mall type
commercial developments. Improvements starting with a State DOT study are identified for this
area.

 Between Franklin and Child Streets: This area is identified as having the potential for
manufacturing and warehousing uses.

 Cutler Street Area: This area consists of former mill buildings that are targeted or in the process
of redevelopment for commercial uses.

 Parker Mill: Parker Mill is another former mill building in the process of redevelopment for
commercial uses.

4.1.4 Projected Flow

The following describes Woodard & Curran’s estimate of the projected future wastewater flow increase
within the existing sewer area through the 20-year planning period. The projected flow is based on the
CCP and the land use, demographics, and economic development forecasts described above. The total
projected flow increase is 0.13 MGD summarized in the following table:
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Table 4-1: Projected Flow Summary

Residential, MGD 0.033

Commercial and Industrial,
MGD

0.091

Septage, MGD 0.004

Total 0.13

The following provides additional information on Woodard & Curran’s estimate of the residential,
commercial and industrial, and septage components.

4.1.4.1 Residential

Woodard & Curran projected the residential flow to be 0.033 MGD based on the following:

 Flow rate of 75 gallons per capita day which is consistent with published industry standards and
the DEM facility plan checklist.

 Population increase of 656 people from the 2000 census population to the Statewide Planning
Program’s population projects for Warren and assuming two-thirds of the population growth
occurs within the sewer area (increase in sewer population of 437).

 It is noted that this population growth is somewhat conservative (high) considering the negative
population growth experienced over the past 20-years.

 It is projected that the future wastewater flow is negligible from existing, developed residential
properties that are within the sewer area. This projection is based on the fact that developed
properties within the sewer area are required and incentivize to connect as follows:

 The Warren Sewer Ordinance (Article II, Section 4) requires that properties adjacent to the
public sewer system must connect and includes a fine of $100 per day for violation of the
Ordinance (Article VII, Section 3).

 The annual cost for operation and maintenance of the sewer collection and treatment system
is funded by the general tax (users do not pay a sewer utility bill). Therefore, residents with
property that abuts the sewer are incentivized to connect to the sewer system.

4.1.4.2 Industrial and Commercial

Woodard & Curran projected the industrial and commercial flow to be 0.091 MGD based on the
following:

 A commercial and industrial unit generation rate of 0.1 gallons per day per square foot of
building area, based on information provided in ASCE, Manual of Practice No. FD-5. It is noted
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that wastewater flow generation from commercial and industrial uses is highly variable and
specific to the actual use of each establishment.

 A maximum future increase in commercial and industrial development of 910,000 square feet
based on the following:

 An analysis utilizing the Town’s Geographic Information System (GIS) database determined
there are 64 acres (2,770,000 square feet) of developable commercial and industrial land
(subtracting out wetland areas).

 The average maximum building coverage (ratio of square feet of building to square feet of
land) by zoning is 33 percent.

4.1.4.3 Septage

Woodard & Curran projected the future septage received at the Warren WWTF to be 0.004 MGD based
on the following:

 The residential build out analysis from the CCP included approximately 474 dwelling units
outside of the sewer area.

 Each onsite system for the dwelling units is assumed to be pumped once per year at a volume of
3,000 gallons.

 Total annual volume is 1,420,000 gallons which is equal to .004 MGD.

4.2 WASTEWATER MANAGEMENT OUTSIDE THE EXISTING SEWERED AREA

This section describes the Town’s progress in developing a wastewater management district (WWMD)
for areas outside of the existing sewer area that rely on onsite wastewater treatment systems (OWTS). A
description of the WWMD is important because existing and future wastewater flow from areas outside
the existing sewered area will not be included in the permitted flow or the future upgrades at the Warren
WWTF. The plan for creating a WWMD is based on evaluations and recommendations of the 2008
Facility Plan Update prepared by Woodard & Curran and the 2009 Onsite Wastewater Management Plan
prepared by Fuss & O’Neill. Based on initial comments from DEM, the Town submitted a report entitled
“Touisset Lot Summary,” and a memo entitled, “Needs Analysis Updated for Touisset Point and Touisset
Highland Area,” prepared by Woodard & Curran. In response to the report and memo, DEM sent a letter,
dated August 12, 2010, to the Town with DEM’s determination that the recommended disposal option
(WWMD) was supported by the documentation that DEM had received. As part of the Consent
Agreement, DEM required an update on the Town’s status in developing the WWMD. The following
provides this update organized by the items identified (bold italics font) in paragraph 10.A.(viii) of the
Consent Agreement:

4.2.1 Update on Development of the Wastewater Management District

1. An update on the Towns' merging adjacent, non-conforming lots that are in common
ownership in the Touisset Point and Highlands areas.
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The Town has adopted an ordinance requiring the merging of adjacent, non-conforming lots in
common ownership.

2. An update on the Town's implementation of the recommendations of the approved Onsite
Wastewater Management Plan.

 Develop a local assistance program to help phase out cesspools, substandard systems
and distressed conventional systems, with upgrades to I&A technologies. Cesspools will
need to be upgraded under the new Cesspool Phaseout Act. Cesspools along the coast
will need to be upgraded. Conventional systems on undersized properties should also be
upgraded. Given environmental and drinking water quality concerns in both the
Highlands and Point, we recommend a program to facilitate upgrade of existing
systems to denitrification where indicated. To ensure benefit at the earliest point
possible, this study recommends development of a priority replacement and assistance
strategy in the next phase of wastewater management planning.

The Town has developed a preliminary inventory of all the OWTS. This inventory will
be used to identify cesspools that need to be upgraded and to develop a priority
replacement and assistance strategy. In addition, the Town has adopted a WWMD
ordinance which discusses the replacement or upgrade of substandard systems. Refer to
Appendix F for the WWMD ordinance.

 There are several financial assistance programs that communities may access to
implement water supply and wastewater infrastructure enhancement programs. Some
options have been discussed in this report. This study recommends continued
exploration of financing mechanisms.

The Town of Warren has approved participation in the Community Septic System Loan
program (CSSLP) and has just recently received the Promissory Note for the construction
upgrades from the Rhode Island Clean Water Finance Agency (CWFA). In addition, the
Town has received a State and Tribal Assistance Grant (STAG) from the US
Environmental Protection Agency (EPA) which will allow it to reimburse homeowners
for half of the engineering costs (up to a maximum reimbursement of $5,000) associated
with installing a new OWTS.

 To ensure the proper function of ISDSs (OWTSs) —especially I&A (innovative and
alternative) systems—the Town should develop a wastewater management district. Such
a program would be intended to foster regular inspection and maintenance of ISDSs in
accordance with a given standard such as that describe in Septic System Checkup and
as recommended by I&A treatment system vendors.

The Town has adopted a WWMD ordinance which defines the wastewater management
district and has provisions for the regular inspection and maintenance of OWTSs. Refer
to Appendix F for the WWMD ordinance.

 Water quality in Touisset is showing signs of stress by development. This study
recommends establishment of an integrated monitoring program that includes the
public and private well and coastal water quality. This would be focused on baseline
data and trends—during implementation and post-implementation. Over the long term,
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monitoring data could be used to determine the effectiveness of I&A system
implementation. Such a program should be carefully thought out. This study
recommends developing program components in the next phase of wastewater
management planning.

A study of the community well for Touisset was prepared by Atlantic States Rural Water
and Wastewater Associates and summarized in a report titled, “Touisset Point Water
Trust Source Water Protection Plan,” dated August 2011. The study included an
evaluation of the public well data only and reported that since 2001, nitrate levels have
begun to “level out and stared a slight downward trend.” The study did not find a clear
cause for the reduction in nitrate concentrations, but did identify that in 2005 the use of
fertilizer at a recreational field ceased.

 Capacity of the existing water supply system appears to be stressed and demand is likely
to rise as private wells continue to be replaced by TPWT (Touisset Point Water Trust –
public water supply). This study recommends that the Town further examine adequacy
of the public water supply and upgrade/add to supply wells as needed. This step should
occur in the next phase of wastewater management planning as it has implications for
the number of systems that may need to be replaced and the order (i.e., priority) of their
replacement.

The “Touisset Point Water Trust Source Water Protection Plan,” identified that the
Touisset Point Water Trust has commissioned a multi-phase evaluation of the existing
water supply wells and aquifer to evaluate the available water capacity.

 Carrying capacity of land in the Highlands and Point is already stressed. This study
recommends that the Town prohibit unmerging of lots for the purpose of building new
homes.

The Town has adopted an ordinance requiring the merging of adjacent, non-conforming
lots in common ownership. With regard to prohibiting the unmerging of lots, the Town’s
zoning bylaw already prevents the unmerging of lots into non-conforming lots. Although
further evaluation is needed, it is our understanding that Town cannot legally block the
unmerging (subdivision) of lots if it results in two or more conforming lots.

3. An update on the Town's implementation of an ordinance requiring that all onsite wastewater
disposal systems in the Touisset Point and Highlands areas utilize nitrogen reducing
technologies.

The Town has adopted a WWMD ordinance. Refer to Appendix F for the WWMD ordinance.

4. An update on the Town's implementation of an Onsite Wastewater Management Ordinance
that requires inspections of onsite wastewater disposal systems within the Touisset Point and
Highlands areas.

The Town has developed a preliminary inventory of all the OWTSs. This inventory will be used
to track inspections of OWTSs. In addition, the Town has adopted a WWMD ordinance which
has provisions requiring the inspection of OWTSs in the Touisset Point and Highlands areas.
Refer to Appendix F for the WWMD ordinance.
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5. An update on the Town's implementation of an inventory and maintenance/inspection tracking
system for all onsite wastewater disposal systems within the Touisset Point and Highlands
areas.

The Town has developed a preliminary inventory of all the OWTS in the Touisset area. This
inventory will be incorporated into a maintenance/inspection tracking system for onsite
wastewater disposal systems with the Touisset Point and Highlands areas.

6. An update on the Town's evaluation of the adequacy of the public water supply system in the
Touisset Point and Highlands areas and a recommendation on the need to upgrade/add supply
wells.

As previously discussed, a study of the community well for Touisset was described in a report
titled, “Touisset Point Water Trust Source Water Protection Plan,” dated August 2011. The study
included an evaluation of the public well data only and reported that since 2001, nitrate levels
have begun to “level out and stared a slight downward trend.” In addition the report identified
that the Touisset Point Water Trust has commissioned a multi-phase evaluation of the existing
water supply wells and aquifer to evaluate the available water capacity.

7. An update on the Town's implementation of an ordinance prohibiting unmerging of lots for
the purpose of building new homes in the Touisset Point and Highlands areas.

The Town has adopted an ordinance requiring the merging of adjacent, non-conforming lots in
common ownership. With regard to prohibiting the unmerging of lots, the Town’s zoning bylaw
already prevents the unmerging of lots into non-conforming lots. Although further evaluation is
needed, it is our understanding that Town cannot legally block the unmerging (subdivision) of
lots if it results in two or more conforming lots.

8. An update on the Town's efforts to acquire or secure an interest, or right of first refusal, for
parcels identified as having potential for local community wastewater disposal facilities in the
Touisset Point and Highlands areas. In particular, at least one parcel for Touisset Point
(preferably 16-21) and a portion of one parcel for the Highlands (17-1 or 17-7).

The Town is assessing the feasibility of acquiring or securing a right of first refusal for the
parcels identified.

9. A proposed schedule for completing any conditions from the DEM August 12, 2010 letter that
have not been completed.

The proposed schedule is to complete the following remaining conditions by January 2014:

 Finalize OWTS inventory and tracking system

 Develop a priority replacement and assistance strategy

 Implement an inventory and maintenance/inspection tracking system for all onsite wastewater
disposal systems within the Touisset Point and Highlands areas.

 Review the Touisset Point Water Trust evaluation of the existing water supply wells and
aquifer for available water capacity and make a recommendation on the need to upgrade/add
supply wells.
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APPENDIX A: CONSENT AGREEMENT (RIA 410)
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APPENDIX B: FOLLOW-UP INFLOW INSPECTIONS MAP
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APPENDIX C: FOLLOW-UP INFLOW INSPECTIONS RESULTS
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APPENDIX D: STORM EVENT HYDROGRAPHS
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APPENDIX E: Q VERSUS I GRAPHS
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APPENDIX F: WASTEWATER MANAGEMENT DISTRICT
ORDINANCE
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APPENDIX G: DEM COMMENTS ON THE DECEMBER 2011
DRAFT DESIGN FLOW REPORT


